A comparative analysis of the D-criteria used to determine genetic links of small bodies by Sokolova M. et al.
A comparative analysis of the D-criteria used to determine genetic links
of small bodies
M.G. Sokolova a, E.D. Kondratyeva b, Y.A. Nefedyev a,⇑
aEngelhardt Astronomical Observatory, Kazan Federal University, Tatarstan, Zelenodolsk, 422526 st. Observatory, EAO, Russia
bKazan Federal University, Kremlevskaya st., Kazan, 420008 Tatarstan, Russia
Received 17 February 2013; received in revised form 9 June 2013; accepted 30 June 2013
Available online 6 July 2013
Abstract
In this article the D-criteria, which can be used to determine the genetic relationships of small bodies with their parent bodies in the
solar system, are estimated. Drummond (1981), Southworth and Hawkins (1963), Jopek (1993), dynamic (Kalinin and Kulikova, 2007;
Holshevnikov and Titov, 2007) D-criteria were analysed. It was found that the Drummond criterion is less sensitive to errors of obser-
vations and its upper limit does not exceed 0.2. The Southworth–Hawkins and Jopek D-criteria are more stable and have good conver-
gence. Limiting values, which vary in the range of 0.3–0.6 (except for the Lyrids), were determined on the basis of the analysis of six
meteor showers for the Southworth–Hawkins and Jopek criteria.
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1. Introduction
Under the inﬂuence of many cosmogenic factors the
evolution of orbits of small bodies of the Solar System
leads to the formation of meteoroid complexes. A set of cri-
teria is used to ﬁnd the genetic relationships. The criteria
are based on the determination of the Tisserand constant
or D-criteria as functions of the distance between the
bodies’ orbits in the ﬁve-dimensional phase space of ele-
ments of orbits. There are several problems. Firstly, which
criteria should be used for the research, as they can be
unstable in the diﬀerent geometries of orbits or can give
ambiguous results? Secondly, what maximum limiting
value of the criterion should be taken under which values
would allow the assumption that two bodies are genetically
linked?
Limiting values of the criteria are estimated on the basis
of modelling of the meteoroid complexes for a given mech-
anism of the particle ejection from a parental body. Several
works devoted to the evolution of modelling of meteoroid
swarms have been published recently. We note the article
by Kulikova et al. (2003) about making stochastic models
of the formation and evolution of meteoroid complexes
which make it possible to distinguish the region of the
space where this complex evolves and thus to determine
the theoretical limiting value of the criteria of its fragments
community. However in the case of using these models the
limiting values of the criteria are directly dependent on the
velocity of a fragment’s emission. In addition a model of
the subsequent orbit evolution does not consider all factors
and features which aﬀect the particles’ dispersion in the
swarm. As a result the real values of the D-criteria obtained
from the observational data of the orbits of the meteors
diﬀer from the theoretical ones even taking into account
the errors of the observations. The comparison of theoret-
ical and observational data will make it possible to deter-
mine the limiting values of D-criteria for each meteor
0273-1177/$36.00  2013 COSPAR. Published by Elsevier Ltd. All rights reserved.
http://dx.doi.org/10.1016/j.asr.2013.06.027
⇑ Corresponding author. Tel.: +7 9033885372; fax: +7 8432927797.
E-mail addresses: smarina.63@mail.ru (M.G. Sokolova), star1955@
mail.ru (E.D. Kondratyeva), Yura.Nefedyev@gmail.com (Y.A. Nefedyev).
www.elsevier.com/locate/asr
Available online at www.sciencedirect.com
Advances in Space Research 52 (2013) 1217–1220
